Abstract: Pulse discharges of chemicals to aquatic environments may lead to high concentrations of them in surface waters for short periods of time, but enough to induce toxic effects on aquatic organisms; however, no many methods allow an early warning of toxicity of these agents. Acute effects of one representative chemical from each of three of the main groups of aquatic pollutants (pesticides, metals and pharmaceuticals) are studied on two green microalgal species (Chlamydomonas moewusii and Chlorella vulgaris). Flow cytometry protocols were used to detect the potential application of chlorophyll a fluorescent emission, cell viability, metabolic activity and membrane potential as cytotoxicity endpoints, besides an epifluorescence microscopy protocol for comet assay to detect genotoxicity level of cells. Obtained results confirm the suitability of them for the prospective assessment of the potential cytotoxicity of these aquatic pollutants. The two microalgal species analysed could be used as indicators in toxicity bioassays, being C. moewusii more sensitive than C. vulgaris. Among cell parameters assayed, the metabolic activity and the primary DNA damage stood out as sensitive cytotoxicity endpoints.
Introduction

59
The many ecological disturbances in aquatic ecosystems linked to anthropogenic 60 pressures are well documented (Amado et al., 2006; Corrêa et al., 2009; Moreira-Santos et al., 61 2004) . The widespread use of pesticides has led to these substances be ubiquitous in aquatic 62 environments (Eullaffroy and Vernet, 2003; Kumari et al., 2007) . Metals are also major pollutants 63 of aquatic ecosystems, mainly due to disposal of industrial effluents or mining activity (Franklin et 64 al., 2000; Pan and Wang, 2012) . Pharmaceutically active substances have been recognised as an 65 important environmental problem (Halling-Sorensen et al., 1998; Pomati et al., 2004) .
66
The increasing concern about environmental pollution has led to the development of 67 sensitive analytical methods to detect toxicity in water (Camacho-Muñoz et al., 2010; Infante et al., 68 2008; Kolpin et al., 1998; Núñez et al., 2002) , but most of these techniques are expensive, time-
69
consuming and cannot provide information of ecological relevance. Therefore, the development of 70 convenient methods or parameters for the assessment of pollutant toxicity on aquatic organisms 71 has become a major goal in ecotoxicological research (Lam and Gray, 2003) .
72
Microalgae have been frequently used in ecotoxicological screening of contaminated 73 water, and also as test microorganisms for in vitro toxicity bioassays. Several parameters can be 74 measured to assess the effects of toxicants on microalgae, being growth and photosynthetic 75 activity the most commonly monitored (Cleuvers, 2003; Shabana et al., 2001; Yang et al., 2002) .
76
Previous studies of the toxic effects of different herbicides on microalgal physiology (Prado 77 et al., 2011; Prado et al., 2012a Prado et al., , 2012b Rioboo et al., 2009) 
156
Comet assay
157
The alkaline single-cell gel electrophoresis or comet assay was applied to detect the 158 primary DNA damage potentially induced by the exposure of microalgae to the tested chemicals.
159
The comet assay protocol used is a modification of the original protocol (Singh et al., 1988) 160 adapted to planktonic algae by Erbes et al. (1997) 
178
Chlorophyll a fluorescence
179
The chlorosis state consists of a low level of residual photosynthesis, in which both 
184
Percentage of chlorotic cells was drastically increased after 24 h in these cultures, reaching 100%
185
of the cell population in the case of copper and imazalil (Table 1) . However, chlorotic cells in C.
186
vulgaris cultures were only observed after exposure to the highest copper concentration assayed
187
( Table 1 ). The measurement of in vivo chlorophyll a fluorescent emission has been found to be a 
242
The marine diatom species, Phaeodactylum tricornutum, showed an important increase in 243 cellular membrane potential after 96 h of exposure to copper concentrations higher than 0.1 mg/L,
244
non-detectable after only 24 hours (Cid et al. 1996) .
246
Metabolic activity
247
Metabolic activity, assessed as esterase activity, was shown to be a sensitive cytotoxicity 248 endpoint since the two microalgal species showed early alterations of this physiological parameter 249 after exposure to low concentrations of any of the tested chemicals (Fig. 4) shown by PI assay).
255
A significant reduction of esterase activity was observed after the exposure of both 256 microalgal species to any of the ibuprofen concentrations assayed with respect to control cultures,
257
although this reduction was more pronounced at first, after only 3 h of exposure, and a slight 258 recuperation was observed later, specially in cultures exposed to lower concentrations while those possible this slight activity recuperation, although this would not be occur at higher concentrations 262 of the toxic agent.
Copper and imazalil also affect to esterase activity of both microalgae, generally by 264 reduction of this enzymatic activity in a concentration manner, but not always in a linear way (Fig. 
265
4A, B, D, E). However, a stimulation was observed at first for C. vulgaris exposed to the lowest 266 copper concentration assayed (Fig. 4E) 
481
and ibuprofen (C, F). Significant differences with respect to control were indicated by (*) (p < 0.05). 
483
